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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Thisinvention relates to a semiconductor laser,
and more particularly to a semiconductor laser having an
active region whichincludes at least a quantum well layer
and an optical waveguide layer and is of In,Ga,_,As, P, _,
(0=x=1, 0=y=1).

Description of the Related Art

[0002] A semiconductor laser has come to be used in
wider and wider fields. Especially a semiconductor laser
which has an GaAs substrate and oscillates in 0.7 to
1.1pm band has come to be used, as its output power
increases, not only for an optical disc and a laser printer
but also for a light source for pumping a solid state laser,
a fiber amplifier and a fiber laser, a primary light source
for generating a second harmonic, a light source for ther-
mally recording an image on a heat-sensitive material,
for instance, in printing, a light source for medical use, a
light source for laser machining and laser soldering, and
the like.

[0003] In these applications, it is extremely important
that the semiconductor laser can output high power. In
a single mode laser which is narrow in width (not larger
than about 5p.m), those which are 500mW or more in the
maximum light output and 150mW or more in the practical
light output have been reported as, for instance, a light
source for pumping a fiber amplifier oscillating, for in-
stance, at 0.98pm or 1.02p.m. Further it has been report-
ed that, in multiple-mode lasers which are about 50p.m
or more in stripe width, the catastrophic optical damage
(COD) when the oscillation wavelength is, for instance,
0.87pum is 11.3W in the case of an element which is
100pm in stripe width and is 16.5W in the case of an
element which is 200p.m in stripe width. See "Electronics
Letters", vol.34, No.2, P.184 (1998), (S.O’Brien, H. Zhao
and R. J. Lang).

[0004] These inventors have proposed a semiconduc-
tor laser in which catastrophic failure due to oxidization
of Al is prevented by freeing the vicinity of the light emis-
sion region (a quantum well layer and an optical
waveguide layer which is adjacent to the quantum well
layer and forms a barrier) from Al and at the same time,
an AlGaAs layer is employed as a cladding layer in order
to prevent deterioration in temperature characteristics
due to leakage of electrons from the active region. With
this arrangement, the semiconductor laser can operate
at high output power. See "Japanese Journal of Applied
Physics", Vol. 34, No. 9B, p. L1175 (1995), (T. Fukunaga,
M. Wada, H. Asano and T. Hauakawa). This will be re-
ferred to as "reference 1", hereinbelow.

[0005] In the semiconductor laser which these inven-
tors have proposed, the thickness of each InGaP clad-
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ding layer is 0.1pm and the optical confinement factor
(M) to the active layer quantum well for a laser beam is
relatively large. Accordingly, when a device which was
50um in stripe width was aged under 500mW at 50° C
in an APC (automatic power control) mode, deterioration
rate of the drive current was relatively large and was
5x10-°h-1 in median. Further when a device which was
200p.m in stripe width was aged under 2000mW at 25°
Cinan APC mode, deterioration rate of the drive current
was also 5x10-5 h-1 in median.

[0006] Such high output power semiconductor lasers
having a relatively wide stripe comes to stop oscillating
when the drive current increases by about 5%. Accord-
ingly the service life of the latter semiconductor laser is
estimated at about 1000 hours in median, which is prac-
tically insufficient. Further since being of a gain
waveguide type, the conventional semiconductor lasers
are disadvantageous in that fundamental oscillation
characteristics such as the current versus light output
characteristics become unstable due to fluctuation in
transverse mode.

[0007] Furtherthere has been known a semiconductor
laserin which the output power is increased by employing
Al-free material different from that disclosed in "reference
1" and at the same time reducing the optical confinement
factor (I') to the active layer quantum well for a laser
beam by increasing the thickness of the optical
waveguide layer. See "Appl. Phys. Lett.", Vol. 72, No.1,
P. 4, (J.K. Wade, L. J. Mawst, D. Botez. R.F. Nabiev, M.
Jansen and L. A. Morris) (reference 2) and "SPIE Pro-
ceeding", Vol. 3001, p. 2 (1997), (M.A. Emanuel, J. A.
Skidnore and R. J. Beach) (reference 3).

[0008] However, as disclosed in "reference 1", espe-
cially in the wavelength range not longer than 850nm,
temperature characteristics deteriorate due to leakage
of electrons into a p-type cladding layer when the clad-
ding layer is formed of a material free from Al. This is
because electron barrier cannot be sufficient even if In-
GaP is used which is the largest in forbidden band width
in materials which can be lattice-matched with the GaAs
substrate.

[0009] Further when producing such a refractive index
waveguide type element, it is difficult to stop etching at
the interface of an InGaP cladding layer and an InGaAsP
optical waveguide layer since these layers resemble
each other in chemical properties.

[0010] Further there has been reported an element in
which the cladding layer is formed of InGaAIP for the
purpose of suppressing deterioration in temperature
characteristics due to leakage of electrons into the p-type
cladding layer, as disclosed in "reference 2". However in
"reference 2", only the gain waveguide type is mentioned
and optimization for the refractive index waveguide type
is not mentioned.

[0011] Further, the p-type INGaAlIP is generally disad-
vantageous as compared with AlGaAs in that it is high in
electric resistance and thermal resistance. Reliability
when such a material is used has not been discussed.
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When the active layer is exposed to atmosphere on a
GaAs substrate during production of a refractive index
waveguide type element, crystallizability on the surface
thereof deteriorates and remarkable deterioration of the
exposed part of the crystal interface due to non-emission
recombination of carriers is generated.

[0012] Accordingly, a method in which etching is car-
ried out up to a portion immediately above the active layer
has been generally employed. In this case, as in a ridge
waveguide type laser shown in Figure 2, etching is carried
out so that the upper cladding layer is left in a small thick-
ness (about 0.1 to 0.3m) by controlling the etching time.
[0013] However such etching time control is disadvan-
tageous in that reproducibility deteriorates due to fluctu-
ation in etching conditions and thickness of the cladding
layer from wafer to wafer. In order to overcome this prob-
lem, there has been proposed a structure in which an
etching stop layer is inserted as shown in Figure 3. See
United States Patent No. 4,567,060 (reference 4).
[0014] Forexample,inthe casewhere an AlGaAs clad-
ding layer and an InGaAsP active region are combined,
by inserting an InGaP etching stop layer (about 1 to 5nm
inthickness), which s lattice-matched with the GaAs sub-
strate, into the upper cladding layer as shown in Figure
3, it becomes feasible to stop etching of the AlGaAs at
the InGaP etching stop layer in various etching methods.
[0015] However an InGaP layer inserted into a p-type
AlGaAs cladding layer sometimes deteriorates crystalli-
zation, which results in increase in electric resistance
and/or built-in voltage. This is supposed because As on
the surface of the AlGaAs is substituted by P to form
AlGaAsp on the crystal interface of AlGaAs and InGaP
at the beginning of crystal growth.

SUMMARY OF THE INVENTION

[0016] A semiconductor laser in accordance with the
preamble of claim 1 is known from FUKUNAGA T ET AL:
"HIGHLY RELIABLE OPERATIONS OF HIGH-POWER
INGAASP/INGAP/ALGAAS 0.8 MU M SEPARATE
CONFINEMENT HETEROSTRUCTURE LASERS"
JAPANESE JOURNAL OF APPLIED PHYSICS, PUBLI-
CATION OFFICE JAPANESE JOURNAL OF APPLIED
PHYSICS. TOKYO, JP, vol. 34, no. 9B, 15 September
1995 (1995-09-15), pages L1175-L1177, XP000702502
ISSN: 0021-4922. Specifically, this document discloses
a gain-guided laser with a thickness of the waveguide of
0.1 pm.

[0017] In view of the foregoing observations and de-
scription, an object of the present invention is to provide
a high power semiconductor laser in which the service-
life elongating effect of using an Al-free active layer ma-
terial is enhanced and the long-term reliability is im-
proved.

[0018] The semiconductorlaserinaccordance withthe
present invention comprises the features of claim 1.
[0019] Inthe semiconductor laser of the presentinven-
tion, the light density ('/d) in the quantum well portion is
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reduced by virtue of the optical waveguide layer not
smaller than 0.25um in thickness, whereby internal loss
is reduced and the deterioration rate in the drive current
during APC aging which increases in proportion to the
fourth or more power of the light density is reduced.
[0020] The semiconductor laser of the present inven-
tion is a refractive index waveguide type element since
a part of the upper cladding layer on the upper optical
waveguide layer is selectively removed up to the inter-
face of the upper cladding layer and the upper optical
waveguide layer.

[0021] When such a refractive index waveguide type
element structure, the upper cladding layer is removed
by etching inside or outside the stripe. When removing
by etching a part of the upper cladding layer, convention-
ally, there is employed a method in which a part of the
upper cladding layer is left unetched by providing an etch-
ing stop layer which differs from the upper cladding layer
in composition and/or component atoms and is etched
at a rate greatly smaller than the upper cladding layer
("reference 4"), or a method in which a part of the upper
cladding layer is left unetched by controlling the etching
time (See "reference 5": "Applied Physics Letters", Vol.
51, Bo. 10, p. 707 (1987), (T. Hayakawa, T. Suyama, K.
Takahasi, M. Kondo, S. Yamamoto, and T. Hijikata)).
[0022] To the contrast, in accordance with the method
of the present invention, the upper cladding layer is re-
moved up to the optical waveguide layer having an in-
creased thickness. By using an organic etching solution
such as of sulfuric acid or citric acid, etching can be
stopped at the optical waveguide layer. By stopping etch-
ing without use of an etching stop layer which adversely
affects properties of the elements, the refractive index
waveguide structure can be produced with good repro-
ducibility, whereby fundamental oscillation characteris-
tics can be stabilized.

[0023] Conventionally since the optical waveguide lay-
er is small in thickness, i.e., about 0.1um, the cladding
layer is left in a thickness of 0.1 to 0.2um in order to
suppress deterioration in crystallization without deterio-
rating the quality of the active layer. However, when the
thickness of the optical waveguide layer is not smaller
than 0.25p.m, deterioration in crystallization does not oc-
cur even if the cladding layer is removed to the optical
waveguide layer.

[0024] Further in the method of the present invention,
since the distance between the quantum wellin the active
layer and the surface of the optical waveguide layer at
the partwhere the cladding layer is removed is increased,
damage to the active layer during formation of the refrac-
tive index waveguide structure can be suppressed.
[0025] As can be understood from the description
above, the service-life elongating effect of using an Al-
free active layer material can be enhanced and the long-
term reliability is greatly improved in accordance with the
present invention. Especially, since the semiconductor
laser of the present invention has high quality properties
as a refractive index waveguide type laser and, at the
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same time, is very small in variation of properties with
time, it can improve system reliability when used as a
light source for the field of image forming where noise
and/or change in intensity and/or shape of the beam give
rise to a problem.

[0026] As application to the field of image forming, the
semiconductor laser of the present invention can be ap-
plied, for instance, to a printing system where a semicon-
ductor laser pumped solid state laser is employed, or to
avisible or ultraviolet light source for a printer or an image
scanner where a semiconductor laser pumped solid state
laser is employed in combination with a SHG. In the field
of a printer using heat-sensitive recording material where
a semiconductor laser beam is used as a writing light
beam, several to about one hundred high power semi-
conductor lasers are used in one system, and accord-
ingly, the semiconductor lasers of the present invention
greatly contribute to improvement of system reliability.
[0027] Further in the semiconductor laser of the
presentinvention, increase of the thickness of the optical
waveguide layer reduces trailing of evanescent light ooz-
ing into the cladding layer and accordingly, the upper
cladding layer can be reduced in thickness without ad-
verse influence of absorption of the capping layer. Ac-
cordingly, the thickness of the upper cladding layer,
which conventionally should be not smaller than 1.5pm,
may be reduced to not larger than 1pm. When the upper
cladding layer is of such a small thickness, unevenness
after etching which the refractive index waveguide struc-
ture inherently has can be small, which facilitates the
subsequent lithography process and improves the accu-
racy of the lithography process. Further since the irreg-
ularity on the surface of a finished device is reduced,
uniform wax wetting is obtained during chip bonding,
which improves heat dissipation properties.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

Figure 1 is a schematic view showing the layer ar-
rangement of a ridge waveguide type semiconductor
laser in accordance with an example not covered by
the present invention,

Figure 2 is a schematic view showing the layer ar-
rangement of an example of a conventional ridge
waveguide type semiconductor laser,

Figure 3 is a schematic view showing the layer ar-
rangement of another example of a conventional
ridge waveguide type semiconductor laser,

Figure 4 is a view showing the dependency on the
thickness of the optical waveguide layer of d/r which
is a value proportional to the reciprocal of the light
density in the quantum well,

Figure 5 is a view showing change with time of the
drive current for a ridge waveguide type semicon-
ductor laser in accordance with the presentinvention
where the optical waveguide layer is 0.4pm in thick-
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ness,

Figure 6 is a view showing change with time of the
drive currentfor a conventional ridge waveguide type
semiconductor laser,

Figure 7 is a view showing change with time of the
drive current for a ridge waveguide type semicon-
ductor laser in accordance with an example not cov-
ered by the present invention where the optical
waveguide layer is 0.25um in thickness,

Figure 8 is a view showing change with time of the
drive current for a ridge waveguide type semicon-
ductor laser in accordance with an example not cov-
ered by the present invention where the optical
waveguide layer is 0.6p.m in thickness,

Figure 9 is a view showing the dependency on the
thickness of the optical waveguide layer of the drive
current deterioration rate in a ridge waveguide type
semiconductor laser,

Figure 10 is a view showing the dependency on the
thickness of the optical waveguide layer of the cat-
astrophic optical damage of a ridge waveguide type
semiconductor laser,

Figure 11 is a view showing the relation between the
drive current deterioration rate and the internal light
power in a conventional ridge waveguide type sem-
iconductor laser,

Figure 12 is a view showing comparison of measured
values of catastrophic optical damage (COD) and
the calculated value of internal light power at the front
end face of a conventional ridge waveguide type
semiconductor laser for various reflectances of the
coating applied to the front end face,

Figure 13 is a view showing comparison of measured
relation between the number of quantum wells and
the slop efficiency and theoretical relation of the
same,

Figure 14 is a view showing measured values and
calculated values of dependency on the thickness
of the optical waveguide layer of the slope efficiency
of a single quantum well semiconductor laser and a
double quantum well semiconductor laser,

Figure 15 is a view showing the current versus light
output characteristics of a ridge waveguide type
semiconductor laser,

Figure 16 is a schematic view showing the layer ar-
rangement of a ridge waveguide type semiconductor
laser in accordance with a first embodiment of the
present invention, and

Figure 17 is a schematic view showing the layer ar-
rangement of a ridge waveguide type semiconductor
laser in accordance with a second embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0029] In Figure 1, a semiconductor laser in accord-

ance with an example suitable for the understanding of
the present invention comprises an n-GaAs buffer layer
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2 (doped with 1x108cm-3 Si, 0.5um thick), an n-
Aly 63Gag 37As lower cladding layer 3 (doped with
1x1018¢cm-3 Si, 1um thick), an undoped SCH active layer
4, a p-Aly 63Gag 37As upper cladding layer 5 (doped with
1x1018cm-3 Zn, 1um thick), a p-GaAs capping layer 6
(doped with 2x101%cm-3 Zn, 0.3pum thick), a SiO, insu-
lating film 7 and a p-side electrode 8 formed one on an-
other on one side of an n-GaAs substrate 1 (doped with
2x1018cm3 Si) and an n-side electrode 9 formed on the
other side of the substrate 1.

[0030] The undoped SCH active layer 4 comprises an
Ing.4gGag 5,P lower optical waveguide layer 4a (un-
doped, 0.4pm in thickness Wag), an
Ing 13Gag g7a50.75P0 25 quantum well layer 4b (undoped,
10nm thick) and an Ing,5Gags,P upper optical
waveguide layer 4c (undoped, 0.4p.m in thickness Wg).
[0031] A method manufacturing this semiconductor la-
ser will be described, hereinbelow. An n-GaAs buffer lay-
er 2, an n-Aly g3Gag 37As lower cladding layer 3, an un-
doped SCH active layer 4, a p-Aly g3Gag 37As upper clad-
ding layer 5 and a p-GaAs capping layer 6 are first formed
one on another in this order on one side of an n-GaAs
substrate 1 by low-pressure MOCVD.

[0032] Then a mesa stripe structure which is 200p.m
in bottom width is formed by photolithography and chem-
ical etching by use of a 20:1:1 mixture of H,SO,4, H,0,
and H,0. At this time, the p-Aly 3Gag 37AS upper clad-
ding layer 5 is etched at a rate 20-th or more as large as
that at which the Ing 4,4Gag 5,P upper optical waveguide
layer 4c is etched. By virtue of this fact, the mesa etching
can be stopped just above the Ing 454Gag 5,P upper optical
waveguide layer 4c with good reproducibility.

[0033] Thereafter, a SiO, insulating film 7 is formed by
plasma CVD, and a part of the SiO, insulating film 7 on
the upper surface of the mesa in a region within 1 to 5p.m
from opposite edges of the mesa is etched and removed
by photolithography and etching by use of dilute HF.
[0034] Then a p-side electrode 8 (Ti/Pt/Au) is formed
by deposition and heat treatment, and the bottom surface
of the GaAs substrate 1 is polished to thin the GaAs sub-
strate 1 to about 100 to 150p.m. Finally an n-side elec-
trode 9 (AuGe/Ni/Au) is formed by deposition and heat
treatment.

[0035] A laser bar which is 1.5mm in resonator length
and about 1.5cm in length is cut out from the wafer by
scribe with a diamond needle and cleavage, and the light
radiating end face and the back end face are applied with
optical coating films so that their reflectances are 20%
and 95%, respectively. Finally the laser bar is cut into a
plurality of laser chips by scribe with a diamond needle
and cleavage. Each laser chip is fixed to a copper block
by soldering the p-side electrode to the copper block by
In solder.

[0036] The semiconductor laser produced in this man-
ner oscillates at about 809nm by a threshold current of
660 to 700mA and can operate at a high output power
of not lower than 2W. Figure 5 shows change with time
of the drive current for this laser when the laser is driven
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under 2W at 25° C in an APC mode. As can be seen from
Figure 5, the laser operates very stably.

[0037] In afirst experiment, comparison semiconduc-
tor laser elements which were the same as the semicon-
ductor laser of the example not covered by the invention
except that the thickness Wg of the InGaP optical
waveguide guide layer differed from that of the example
were produced and their reliability was evaluated. Fig-
ures 6 to 8 show change with time of the drive current
for the comparison lasers, which were 0.11pm, 0.25um
and an 0.6p.m in thickness Wg of the optical waveguide
guide layer respectively, when the lasers were driven un-
der 2W at 25° C in an APC mode. As can be seen from
Figures 6 to 8, when the thickness Wg of the optical
waveguide guide layer was smaller than 0.25um, dete-
rioration of the drive current was large (Figure 6), while
when the thickness Wg of the optical waveguide guide
layer was not smaller than 0.25u.m, deterioration of the
drive current was relatively small and the lasers operated
stably (Figures 7 and 8).

[0038] Figure 9 shows the relation between the dete-
rioration rate of the drive current (increase of drive cur-
rent/drive current/time) in median and the thickness Wg
of the optical waveguide layer in a stabilized state after
the lasers are operated for 200 hours. As can be seen
from Figure 9, the deterioration rate of the drive current
is very low.

[0039] Figure 4 shows calculated values of the relation
between d/I" which is a value proportional to the recipro-
cal of the light density in the quantum well of the active
layer of the structure in accordance with the present in-
vention (d: thickness of the quantum well in um, r: optical
confinement factor to the active layer quantum well for a
laser beam) and the thickness Wg of the optical
waveguide layer. As can be seen from Figure 4, when
the thickness Wg of the optical waveguide layer was in
the range of not smaller than 0.25um, the light density
in the quantum well decreased monotonically with in-
crease of the thickness Wg of the optical waveguide lay-
er, which proved improvement in reliability.

[0040] When the thickness Wg was 0.6.m, the dete-
rioration rate was larger than when the thickness Wg was
0.4pm due to increase of the drive current by about 10%.
Further when the thickness Wg was not smaller than
0.25um, an excellent reliability was obtained, which
proved that reliability was not deteriorated even if an in-
sulated film such as SiO, was formed in contact with the
optical waveguide layer without intervening therebe-
tween an upper cladding layer left there in a small thick-
ness as a protective layer as in the conventional semi-
conductor lasers shown in Figures 2 and 3. Further as
shown in Figure 15, current versus light out characteris-
tics without kink could be obtained up to a high output
range and both the far-field image and the near-field im-
age were stable.

[0041] Inasecond experiment,the catastrophic optical
damages of the aforesaid laser elements were meas-
ured. As shown in Figure 10, the catastrophic optical
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damage hardly changed with change of the thickness
Wqg of the optical waveguide layer. This proves that with
the arrangement of the presentinvention, the catastroph-
ic optical damage does not increase with increase of the
thickness Wg of the optical waveguide layer as in the
example disclosed in "reference 2", that is, the cata-
strophic optical damage is independent from the light
density in the active layer.

[0042] In a third experiment, three kinds of laser ele-
ments which were the same as the conventional element
shown in Figure 6 in structure, were 0.11p.m in thickness
W(g of the optical waveguide layer and were respectively
11%, 20% and 30% in reflectance R; of the light radiating
end face were prepared and compared.

[0043] The relation between the drive current deterio-
ration rate in median and the internal light density at the
light radiating end face when the laser was driven under
1.8W at 25° C in an APC mode was measured for each
laser. As can be seen from Figure 11, the drive current
deterioration rate greatly increases substantially in pro-
portion to the fourth power of the internal light density at
the light radiating end face and greatly depends upon the
whole internal light intensity.

[0044] In a fourth experiment, R; dependency of the
catastrophic optical damage was evaluated for laser el-
ements which were 0.11um in the thickness Wg of the
optical waveguide layer. As shown in Figure 12, the cat-
astrophic optical damage was proportional to the internal
light power.

[0045] As a fifth example, factors which governed the
internal loss (aifcm-1]) were investigated on the basis of
the slope efficiency for various laser elements. The ex-
periment was carried out by use of laser elements having
an oxide film stripe structure of 50um width for the pur-
pose of material evaluation. Figure 13 shows the depend-
ency of the slope efficiency on the number of the quantum
wells Nw (Nw=1~4) with the total thickness of the active
layer (including quantum wells (10nm wide), barrier lay-
ers (undoped InGaP the same as that of the optical
waveguide layers, 10nm thick) parting the quantum wells
and optical waveguide layers) fixed to 0.23pm.

[0046] The slope efficiency is proportional to the ex-
ternal differential quantum efficiency (ng) for the whole
radiating light. The external differential quantum efficien-
Cy ng is expressed by the following formula (1).

1

1 .
\JRR
1
a;L+1n JIT,E

wherein n; represents the internal differential quantum

(1)

T
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efficiency, R; represents the reflectance of the light radi-
ating end face, R, represents the reflectance of the rear
end face, and L represents the length of the resonator.
Actually, only light radiated through the front end face is
measured and utilized. The slope efficiency is related to
the external differential quantum efficiency ng as

L/
L +L

T4

r

from the following relation between the amount of light
radiated from the front end face L; and that radiated from
the read end face L,.

L, {R{1-R)

L, YR (-R)

r

In the case of a single-quantum well, it has been found
thata;=2cm-1, and n;=0.7 when Wg=0.11um fromaresult
of measurement of resonator length dependency of the
slope efficiency carried out separately. The calculated
values in Figure 13 were obtained letting n;=0.7 (con-
stant) and a;=Nwx2(cm-1) and well conform to the result
of the experiment. Accordingly, the residual loss in the
semiconductor laser of the example may be considered
to be mainly governed by loss by the quantum wells them-
selves.’

[0047] Further single quantum well laser elements
(Nw=1) and double quantum well laser elements (Nw=2)
which were different from each other in the thickness Wg
of the optical waveguide layer were prepared and the
slope efficiency of each laser element was measured.
As shown in Figure 14, the result of the measurement
conformed to the calculated values in tendency that the
internal loss increased in proportion to the amount of light
in the quantum well. This supports that the residual loss
in the semiconductor laser of the example is mainly gov-
erned by loss by the quantum wells themselves.

[0048] The result of the experiments shows that in the
semiconductor lasers in accordance with the example,
the deterioration mechanism and the internal loss are
due to the inside of the active layer and greatly depend
upon the light power in the active layer. Accordingly,
these factors can be improved by making the thickness
Wg of the optical waveguide layer not smaller than
0.25um.

[0049] A semiconductor laser in accordance with an
embodiment of the present invention will be described
with reference to Figure 16, hereinbelow. In Figure 16,
the semiconductor laser in accordance with an embodi-
ment of the present invention comprises an n-GaAs buff-
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er layer 42 (doped with 1x1018cm-3 Si, 0.5um thick), an
n-Alg 55Gag 4sAs lower cladding layer 43 (doped with
1x1018¢cm-3 Si, 1um thick), an undoped SCH active layer
44, an n-Alg ¢5Gag 35As current blocking layer 45 (doped
with 1x1018cm-3 Si, 0.8um thick), an n-GaAs protective
layer 46 (doped with 1x1018cm-3 Si, 0.01wm thick), a p-
Alg 55Gag 45As upper cladding layer 47 (doped with
1x1018cm-3 Zn, 1pm thick), a p-GaAs capping layer 48
(doped with 2x1019 ¢cm3 Zn, 0.3um thick), and a p-side
electrode 49 formed one on another on one side of an n-
GaAs substrate 41 (doped with 2x1018 cm-3 Si) and an
n-side electrode 50 formed on the other side of the sub-
strate 41.

[0050] The undoped SCH active layer 44 comprises
an Ing 48Gay 5,P lower optical waveguide layer 44a (un-
doped, 0.25pm in thickness Wag), an
INg.13Gag g7as0.75P0.25 Quantum well layer 44b (un-
doped, 10nm thick) and an Ing 44Gag 5,P upper optical
waveguide layer 44c (undoped, 0.25pum in thickness
Wg).

[0051] A method manufacturing this semiconductor la-
ser will be described, hereinbelow. In this embodiment,
unlike in the above example, the laser is produced by
two-step low-pressure MOCVD. That is, an n-GaAs buff-
er layer 42, an n-Aly 55Gag 45As lower cladding layer 43,
an undoped SCH active layer 44, an n-Aly gsGag 35AS
current blocking layer 45 and an n-GaAs protective layer
46 are first grown one on another in this order on one
side of an n-GaAs substrate 41 by low-pressure MOCVD.
[0052] Then a mesa stripe channel which is 200pm in
bottom width is formed by photolithography and chemical
etching by use of a 20:1:1 mixture of H,SO,, H,O, and
H,O. At this time, the etching is stopped just above the
Ing 46Gag 5,P upper optical waveguide layer 44c since
the undoped SCH active layer 44 comprises the
Ing.4gGag 5,P lower optical waveguide layer 44a (un-
doped, 0.25pum in thickness  Wg), the
INg 13Gag g7a50.75P0 25 quantum well layer 44b (un-
doped, 10nm thick) and the Ing 44Gag 5,P upper optical
waveguide layer 44c.

[0053] Then a p-Aly 55Gag 45As upper cladding layer
47 and a p-GaAs capping layer 48 are grown in sequence
by low-pressure MOCVD.

[0054] Thereafter, a p-side electrode 49 is formed, the
GaAs substrate 41 is polished, an n-side electrode 50 is
formed, a laser bar is cut out, the light radiating end face
and the back end face are applied with optical coating
films, and the laser bar is cut into a plurality of laser chips
in the manner similar to that in the first embodiment.
[0055] A semiconductor laser in accordance with a
second embodiment of the present invention will be de-
scribed with reference to Figure 17, hereinbelow. In Fig-
ure 17, the semiconductor laser in accordance with the
second embodiment of the present invention comprises
an n-GaAs buffer layer 62 (doped with 1x1018cm3 Sij,
0.5um thick), an n-Aly ¢Gag 4As lower cladding layer 63
(doped with 1x1018cm3 Si, 1um thick), an undoped SCH
active layer 64, an n-Aly g5Gag 35AS current blocking lay-
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er 66 (doped with 1x1018cm-3 Si, 0.8um thick), a p-GaAs
protective layer 67 (doped with 1x1018cm-3 Si, 0.01um
thick), a p-Aly ¢Gag 4As first upper cladding layer 65
(doped with 1x1018cm-3 Zn, 1um thick), a p-Aly ¢Gag 4AS
second upper cladding layer 68 (doped with 1x1018cm-3
Zn, 1pm thick), a p-GaAs capping layer 69 (doped with
2x1019c¢m3 Zn, 0.3um thick), and a p-side electrode 70
formed one on another on one side of an n-GaAs sub-
strate 61 (doped with 2x1018cm-3 Si) and an n-side elec-
trode 71 formed on the other side of the substrate 61.
[0056] The undoped SCH active layer 64 comprises
an Ing 4,gGag 5,P lower optical waveguide layer 64a (un-
doped, 0.25pm in thickness Wg), an
INg.13Gag 87as0.75P0.25 quantum well layer 64b (un-
doped, 10nm thick) and an Ing 44Gag 5,P upper optical
waveguide layer 64c¢ (undoped, 0.25um in thickness
Wag).

[0057] A method manufacturing this semiconductor la-
ser will be described, hereinbelow. In this embodiment,
the laser is produced by three-step low-pressure
MOCVD. That is, an n-GaAs buffer layer 62, an n-
Alg 55Gag 45As lower cladding layer 63, an undoped SCH
active layer 64, a pAly ¢Gag 4As first upper cladding layer
65 and a p-GaAs protective layer 67 are grown one on
another in this order on one side of an n-GaAs substrate
41 by first low-pressure MOCVD.

[0058] Thereatfter, a SiO, film 0.25um thick is formed
by plasma CVD, and a stripe-like SiO, mask 200p.m wide
is formed by photolithography and etching by use of dilute
HF.

[0059] Thenann-Aly g5Gag 35As currentblocking layer
66 and a p-GaAs protective layer 67 are grown by second
low-pressure MOCVD. At this time, though polycrystal
grows also on the SiO, mask, it can be removed by next
etching. Then short etching by use of a mixture of H,SO,,
H,O, and H,0 is carried out and the SiO, mask is re-
moved by dilute HF.

[0060] After etching the p-GaAs protective layer 67 for
a short time with a mixture of H,SO,4, H,0, and H,0, a
pAlg ¢Gag 4As second upper cladding layer 68 and a p-
GaAs capping layer 69 are grown by third low-pressure
MOCVD.

[0061] Thereafter, a p-side electrode 70 is formed, the
GaAs substrate 61 is polished, an n-side electrode 71 is
formed, a laser bar is cut out, the light radiating end face
and the back end face are applied with optical coating
films, and the laser bar is cut into a plurality of laser chips
in the manner similar to that in the first embodiment.
[0062] Though the present invention is described
above in conjunction with a broad stripe semiconductor
laser having a stripe 200.m wide, the present invention
can also be applied to multiple transverse mode semi-
conductor lasers having a broad stripe of various widths
or a single transverse mode semiconductor lasers which
are not larger than about 6um in width of the stripe.
[0063] The active layer which includes at least a quan-
tum well layer and upper and lower optical waveguide
layers has only to be of In,Ga;,AsP;, (0=x=1,
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0=y=1), and a strain layer which is not lattice-matched
with the substrate may be partly used. Further the upper
and lower optical waveguide layers on opposite sides of
the quantum well layer may be of different thicknesses.
In this case, the quantum well layer is shifted from a po-
sition in which the light intensity is maximized and the
optical confinement factor r is reduced, and accordingly,
the light density in the quantum well can be reduced when
the thicker one of the optical waveguide layers is not
smaller than 0.25um.

Claims

1. A semiconductor laser comprising an active region
which includes at least one quantum well layer (44b)
formed of In,Ga,_,As,P;., and upper and lower op-
tical waveguide layers (44c, 44a) formed of InGaP
on opposite sides of said at least one quantum well
layer, and upper and lower cladding layers (47, 43)
formed of AlGaAs on opposite sides of the active
region, characterized in that
said optical waveguide layers (44c, 44a) have equal
thicknesses of not smaller than 0.25 pm,

a current blocking layer (45) formed of AlGaAs is
interposed between portions of the upper cladding
layer (47) and the upper optical waveguide layer
(44c), a part of said current blocking layer (45) is
selectively removed up to the interface between the
current blocking layer and the upper optical
waveguide layer (44c), and the portions of the upper
cladding layer and the upper optical waveguide layer
having the current blocking layer interposed are
along opposite lateral edges of said semiconductor
laser,

an interface of the upper cladding layer (47) and the
upper optical waveguide layer (44c) is adjacent to
said portions of the upper cladding layer and the up-
per optical waveguide layer having the current block-
ing layer (45) interposed,

wherein a resonator of said semiconductor laser is
formed as a stripe, boundaries of the interface be-
tween said upper cladding layer and said upper op-
tical waveguide layer defining a stripe width of said
resonator, said portions of the upper cladding layer
and the upper optical waveguide layer having the
current blocking layer (45) interposed defining lateral
edges of the stripe, and

wherein said portions of the upper cladding layer and
the upper optical waveguide layer having the current
blocking layer interposed form a mesa stripe chan-
nel, said interface of the upper cladding layer and
the upper optical waveguide layer being inside said
mesa stripe channel.

2. Asemiconductor laser as defined in Claim 1, wherein
said current blocking has an opposite conductivity
type to said upper cladding layer.
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3.

A semiconductor laser as defined in Claim 1, wherein
said at least one quantum well layer is one quantum
well layer.

Patentanspriiche

1.

Halbleiterlaser, umfassend eine aktive Zone, die
mindestens eine Quantentopfschicht (44b) aus
In,Gay_,As,P,., sowie eine obere und eine untere
optische Wellenleiterschicht (44c, 44a) aus InGaP
auf einander abgewandten Seiten der mindestens
einen Quantentopfschicht aufweist, und eine obere
und eine untere Mantelschicht (47, 43) aus AlGaAs
auf einander abgewandten Seiten der aktiven Zone,
dadurch gekennzeichnet, dass

die optischen Wellenleiterschichten (44c, 44a) glei-
che Dicke von nicht weniger als 0,25 pm aufweisen,
eine Stromsperrschicht (45) aus AlGaAs zwischen
Abschnitten der oberen Mantelschicht (47) und der
oberen optischen Wellenleiterschicht (44c) gebildet
ist, wobei ein Teil der Stromsperrschicht (45) selektiv
bis zu der Grenzflache zwischen der Stromsperr-
schicht und der oberen optischen Wellenleiter-
schicht (44c) entferntist, und die Abschnitte der obe-
ren Mantelschicht und der oberen optischen Wellen-
leiterschicht mit der dazwischen liegenden Strom-
sperrschicht entlang einander abgewandten Seiten-
kanten des Halbleiterlasers liegen,

eine Grenzflache der oberen Mantelschicht (47) und
der oberen optischen Wellenleiterschicht (44c) den
Abschnitten der oberen Mantelschicht und der obe-
ren optischen Wellenleiterschicht mit der dazwi-
schen liegenden Stromsperrschicht (45) benachbart
ist,

wobei ein Resonator des Halbleiterlasers als Strei-
fen ausgebildet ist, Begrenzungen der Grenzflache
zwischen der oberen Mantelschicht und der oberen
optischen Wellenleiterschicht eine Streifenbreite
des Resonators definieren, die Abschnitte der obe-
ren Mantelschicht und der oberen optischen Wellen-
leiterschicht mit der dazwischen liegenden Strom-
sperrschicht (45) die Seitenkanten des Streifens de-
finieren, und

wobei die Abschnitte der oberen Mantelschicht und
der oberen optischen Wellenleiterschicht mit der da-
zwischen liegenden Stromsperrschicht einen Mesa-
streifenkanal bilden, wobei die Grenzflache der obe-
ren Mantelschicht und der oberen optischen Wellen-
leiterschicht sich innerhalb des Mesastreifenkanals
befindet.

Halbleiterlaser nach Anspruch 1, bei dem die Strom-
sperre vom entgegengesetzten Leitungstyp ist wie
die obere Mantelschicht.

Halbleiterlaser nach Anspruch 1, bei dem die min-
destens eine Quantentopfschicht eine einzige Quan-
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tentopfschicht ist.

Revendications

Laser a semiconducteur comportant une région ac-
tive qui comprend au moins une couche de puits
quantiques (44b) constituée de In,Ga; ,As,P,_, et
des couches de guide d’ondes optiques supérieure
etinférieure (44c, 44a) constituées de InGaP sur des
cOtés opposés de ladite au moins une couche de
puits quantiques, et des couches de revétement su-
périeure et inférieure (47, 43) constituée de AlGaAs
sur les cbtés opposés de la région active, caracté-
risé en ce que

lesdites couches de guide d’ondes optiques (44c,
44a) possedent des épaisseurs égales non inférieu-
res a 0,25 pm,

une couche de blocage de courant (45) constituée
de AlGaAs est interposée entre des parties de la
couche de revétement supérieure (47) et de la cou-
che de guide d’ondes optiques supérieure (44c), une
partie de ladite couche de blocage de courant (45)
est enlevée de facon sélective jusqu’a l'interface en-
tre la couche de blocage de courant et la couche de
guide d’'ondes optiques supérieure (44c), et les par-
ties de la couche de revétement supérieure et de la
couche de guide d’ondes optiques supérieure pré-
sentant la couche de blocage de courant interposée
entre elles se trouvent le long des bords latéraux
opposés dudit laser a semiconducteur,

une interface de la couche de revétement supérieure
(47) et de la couche de guide d’'ondes optiques su-
périeure (44c) est adjacente auxdites parties de la
couche de revétement supérieure et de la couche
du guide d’ondes optiques supérieure présentant la
couche de blocage de courant (45) interposée entre
elles,

dans lequel un résonateur dudit laser a semiconduc-
teur est formé en tant que bande, les limites de I'in-
terface entre ladite couche de revétement supérieu-
re et ladite couche de guide d’ondes optiques supé-
rieure définissant une largeur de bande dudit réso-
nateur, lesdites parties de la couche de revétement
supérieure et de la couche du guide d’ondes opti-
ques supérieure présentant la couche de blocage
de courant (45) interposée entre elles définissant les
bords latéraux de la bande, et

dans lequel lesdites parties de la couche de revéte-
ment supérieure et de la couche de guide d’'ondes
optiques supérieure présentant la couche de bloca-
ge de courant interposée entre elles forment un ca-
nal a bande mesa, ladite interface de la couche de
revétement supérieure et de la couche de guide
d’'ondes d'optiques supérieure se trouvant a l'inté-
rieur dudit canal a bande mesa.

Laser a semiconducteur selon la revendication 1,
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danslequelledit blocage de courant possede un type
de conductivité opposé a ladite couche de revéte-
ment supérieure.

Laser a semiconducteur selon la revendication 1,
dans lequel ladite au moins une couche de puits
guantiques est une seule couche de puits quanti-
ques.
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